Background: Percutaneous coronary intervention (PCI) of coronary bifurcation lesions remains a subject of debate. Many studies have been published in this setting. They are often small scale and display methodological flaws and other shortcomings such as inaccurate designation of lesions, heterogeneity, and inadequate description of techniques implemented. Methods: The aim is to propose a consensus established by the European Bifurcation Club (EBC), on the definition and classification of bifurcation lesions and treatments implemented with the purpose of allowing comparisons between techniques in various anatomical and clinical settings. Results: A bifurcation lesion is a coronary artery narrowing occurring adjacent to, and/or involving, the origin of a significant side branch. The simple lesion classification proposed by Medina has been adopted. To analyze the outcomes of different techniques by intention to treat, it is necessary to clearly define which vessel is the distal main branch and which is (are) the side branche(s) and give each branch a distinct name. Each segment of the bifurcation has been named following the same pattern as the Medina classification. The classification of the techniques (MADS: Main, Across, Distal, Side) is based on the manner in which the first stent has been implanted. A visual presentation of PCI techniques and devices used should allow the development of a software describing quickly and accurately the procedure performed. Conclusion: The EBC proposes a new classification of bifurcation lesions and their treatments to permit accurate comparisons of well described techniques in homogeneous lesion groups. '
INTRODUCTION
Percutaneous coronary intervention (PCI) of bifurcation disease remains a challenge in terms of procedural success rate as well as long term major cardiac events (MACE), target lesion revascularization (TLR), restenosis, and stent thrombosis. The optimal technique with drug-eluting stents (DES) is still the subject of considerable debate because relevant randomized studies [1] [2] [3] are scarce and small scale. Hence, they are not able to provide real statistical value, often provide no clear definitions of the techniques used and often merely compare stent deployment in the main vessel versus the two branches by means of several heterogeneous techniques. Furthermore, patients with long sidebranch lesions were systematically excluded from the randomized trials [4] . Registries, though available in greater numbers [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , are of variable quality and use different lesion classification systems, quantitative coronary angiography (QCA) measurements performed in unclear technical conditions, with identical technical strategies bearing different names or different techniques grouped under a single name. Other than the comparison between stent deployment in one versus two branches, a meta-analysis of these various reports has proven quite impossible. Consequently, there is a need for a simplified and universal classification of lesions, specific guidelines for coronary bifurcational QCA, an accurate definition of each of the various techniques used, and a precise classification to facilitate their description.
The European Bifurcation Club (EBC) was founded in 2004 in order to devise a common terminology for the description and treatment of bifurcation lesions and to exchange ideas on the clinical, technical, and fundamental aspects of the specific treatment strategies implemented in this setting. The present article is aimed at fulfilling the four requirements expressed earlier.
DEFINITION AND CLASSIFICATION OF CORONARY BIFURCATION LESIONS
Many definitions have been proposed for a coronary bifurcation stenosis. Here are some definitions proposed by the authors of this study: A lesion located in a bifurcation point? A lesion located in a bifurcation point with a side branch >2 mm in diameter? A lesion located in a bifurcation point with a side branch that you do not want to lose? A lesion located in a bifurcation point with a side branch that needs to be treated? The differences are subtle but the consequences for inclusion in a database may be important.
As a definition we propose that a bifurcation lesion is ''a coronary artery narrowing occurring adjacent to, and/or involving, the origin of a significant side branch.'' A significant SB is a branch that you do not want to lose in the global context of a particular patient (symptoms, location of ischemia, branch responsible for symptoms or ischemia, viability, collateralizing vessel, left ventricular function, and so forth).
All the previously published classifications of coronary bifurcation lesions require significant efforts of memorization [22] [23] [24] [25] [26] . They describe relatively relevant anatomical configurations. The classification by Medina et al. [27] is straightforward and does not need to be memorized even though it provides all the information contained in the others (Fig. 1) . It consists in recording any narrowing in excess of 50% in each of the three arterial segments of the bifurcation in the following order, proximal main vessel (PMV), distal main branch (DMV), and SB: 1 is used to indicate the presence of a significant stenosis and 0 the absence of stenosis. The three figures are separated by commas. It has been suggested that the Medina classification should also contain information on the lesion length, especially for the SB, or presence of calcifications. Moreover, the angle between the two branches has been recently shown to have a significant impact on certain techniques and on the clinical outcome at follow-up [28] . However, apart from the fact that the presence of quantifiable variables would be recorded under ''yes'' or ''no,'' the addition of these 3 parameters and possibly others (eccentric location of the main branch lesion, TIMI flow, and so on) would negate the simplicity of the Medina classification. The only parameter which is currently being debated is the lesion Fig. 1 . Medina classification of coronary bifurcation lesions: 1 is used to indicate the presence of stenosis and 0 the absence of stenosis in each of the three segments. The three digits are separated by commas, PMV first followed by distal branches in order of importance (see denomination of lesions). length in the SB, which could have a significant impact at least on the technique used and the acute results [29] . This classification does not replace QCA measurements, which remain indispensable. As a matter of fact, the question can be raised as to whether the Medina classification should be based on visual assessment or on the presence of >50% stenosis in each of the three arterial segments as evidenced by adequate QCA measurement. A rigorous approach calls for the second option.
QCA OF BIFURCATION LESIONS
The coronary tree is an object of fractal geometry governed by Murray's law [30] . This law has been verified in human coronary arteries by intra vascular ultrasound [31] . The relation of the diameters between the PMVs and its two (or more) distal branches is: PMV 5 (DMV 1 SB) 3 0.67. Generally, the bifurcation main vessel is still considered as a single segment with a single reference diameter function, which is inaccurate according to Murray's law. As a consequence, the PMV reference diameter is underestimated (and any lesion located in this segment is overestimated) whilst the reference diameter of the DMV just beyond the SB is overestimated (and any lesion in this segment underestimated). QCA of the SB poses a more complex problem because if the PMV is included in the automated design, the SB reference diameter at ostium level is grossly overestimated (and any potential lesion underestimated). If the SB is constructed from the ostium, in the presence of a proximal lesion, the reference function of this vessel is increasing in most cases, which is theoretically impossible and leads to an overestimation of lesions.
There are not many computer programs allowing analysis of all three segments of the bifurcation according to Murray's law. Using a conventional software, one may successively construct the PMV towards the DMV and then the PMV towards the SB while flagging off the irrelevant segment (DMV when analyzing the PMV, PMV when analyzing the DMV, PMV when analyzing the SB). This human intervention should be limited to obtaining a decreasing reference function. When analyzing the SB, the maximum distal diameter should on occasion be selected as the reference diameter.
Other important parameters to be included in the QCA assessment of bifurcations are as follows: TIMI flow in both branches, presence of calcifications (semiquantitative), uneven or ulcerated segments, concentric or eccentric location of the MV lesions as well as plaque position in relation to the SB (contra or ipso-lateral).
The most important parameter is the measurement of angles between the three segments (impact on prognosis). In the absence of three-dimensional image reconstruction [32] , the best way to achieve reliable measurement of the angles between the various segments is to perform it in the angiographic view in which the foreshortening of the three segments is minimal. This is often the operator's working view. It has been suggested (Y. Louvard, TCT 2003) that the angle between the PMV and the SB may be called Angle A. The degree of this angle has an influence on the accessibility of the side branch, which is frequently the reason for initially stenting the SB. Angle B is between the two distal branches (impact on the risk of SB occlusion during MB stenting [33] . Angle C is between the PMV and the DMV. It has been shown to be related to the technical success rate of the Frontier dedicated stent. Measurement of the first two angles seems essential. Dedicated coronary bifurcation computer programs are currently being investigated [34] .
DESIGNATION OF CORONARY BIFURCATION LESIONS
QCA measurement, lesion classification, and subsequent accurate definition of the technique used require clear designation of the side branch prior to commencing treatment. Designation of bifurcation lesions is crucial in the description of implemented techniques. Indeed, some of these techniques have ''inverted'' variants with specific technical requirements, such as deployment of a PMV stent towards the smallest distal branch across the DMV. A change in the definition of the SB results in a change of the technique from ''standard'' to ''inverted.'' What defines the SB and the DMV in a coronary bifurcation? There are several viewpoints. The ''nosological'' approach: The left anterior descending artery (LAD), the circumflex coronary artery (Circ.), and the posterior descending artery (PDA) are always the DMV in relation to the diagonal (Dg), the septal (S), and marginal (Mg) branches and to the postero-lateral artery (PLA). Though this is often true for the LAD, the marginal branches are generally larger and/or longer than the distal circumflex artery. The PLA may also be larger than the PDA.
The QCA viewpoint: the largest of the distal branches is the DMV. This corresponds to the most frequently applied technical strategy which consists of deploying the stent from the PMV across the smallest distal branch towards the largest. This, however, may be inconsistent with the real physiological significance of this large branch (small territory, distal occlusion, infarction sequelae, and so on).
It seems reasonable to allow the operator to determine which branch should be considered the DMV. However, this decision must be made prior initiation of the procedure to allow for an intention-to-treat analysis, and must not be motivated only by the degree of technical difficulty. This will avoid heterogeneous definitions whereby minor branches would be analyzed as main branches. We propose the following notations: abbreviated name (or number) of the PMV, abbreviated name of the DMV, abbreviated name of the SB. In the presence of two SB's, another abbreviation will be added, the less important of the two SB being the last abbreviation (Fig. 2) .
CLASSIFICATION OF BIFURCATION LESIONS TREATMENT TECHNIQUES
A family classification system facilitates the description of techniques by listing only the variants of each individual technique. Few classifications have been proposed [26] . Some of them are of merely historical interest due to the increase in the number of techniques currently in use. The ICPS classification reported first in 1996 [24] was further expanded with the advent of new techniques in 2004 [33] . However, this classification has now become obsolete. Achieving the simplicity and exhaustiveness required in any new classification seems a daunting task. As regards simplicity, the usual digits and letters do not seem adequate as they require memorization. The introduction of visual elements such as stent position in the bifurcation may be simpler. Afterwards, these elements may be identified by a number or appear in a visual CRF. Keeping an open classification is a realistic objective provided that all potential scenarios are anticipated. Several classification methods have been considered. One of these methods based upon the number of vessels stented and the order in which stents are implanted does not take into account the complexity of the techniques described. Another classification can be made according to the final aspect of stents in the coronary bifurcation but the order in which stents are implanted and the inherent technical difficulties (stenting through stent struts) are not accounted for, and neither are the potential impact on the outcome [24] , or the possibility of implanting the second stent only when necessary (provisional SB strategy). Following the implantation of the first stents, technical options for any subsequent stent deployment are increasingly limited. We suggest a classification taking into account initial stent deployment, which often corresponds to a technical strategy related to the importance of the vessel treated first. For example, stenting the PMV first, towards the DMV across the SB corresponds to the strategy of provisional SB stenting. The following steps of the procedure, either part of a preselected strategy or prompted by events, which consists of placing a second stent constitute the variants of this technique. We have strived to include all potential technical strategies by describing four ways of beginning the procedure (Fig. 3) . However, we only mention techniques that have been published, reported or described during personal communications (EBC meeting). The classification into four families corresponds to the suggested acronym ''MADS'' as shown in Figure 3 . Each drawing represents final stent placement upon procedure completion: the drawings on the first line may represent the beginning and the end of the procedure as well as some of the drawings on the third line (simultaneous double stenting).
The first family (M for Main) starts by stent implantation in the PMV relatively close to the carina. This potentially significant technical detail may be included in the QCA analysis. This initial step may be followed by the opening of the stent towards both branches (SKIRT technique) [35, 36] , with subsequent successive or simultaneous stent placement in one or both distal branches.
The second family (A for Across) starts with the stenting of the PMV to the DMV across the SB. This may be the first and the last step of the procedure but may also be followed by the opening of a stent cell with or without kissing balloon inflation towards the SB [37] , and if necessary by the delivery of a second stent in the SB in a T [38] , TAP (T And small Protrusion) (Burzotta, personal communication), Culotte [39] [40] [41] , or Internal Crush configuration [42, 43] .
The third family (D for Distal) involves the distal branches and historically starts with simultaneous stent placement at the ostium of both distal branches (V stenting) [44, 45] . A recent variant consists in creating a new carina (the length of which can be determined by QCA analysis) by stent implantation in the proximal segments (Simultaneous Kissing Stent or SKS) [46, 47] . A V stenting configuration can also be achieved by successive delivery of the stents; a ''provisional'' variant of SKS consists in delivering a single distal stent by inflating a balloon in the other branch (Debinsky, personal communication). Fig. 3 . MADS classification of techniques (standard techniques). In ''M'' family the ''Skirt'' technique was described with use of a stent manually crimped onto two balloons, but it is currently used with a dedicated stent (DEVAX). In the ''A'' family the T stenting technique seems similar to that of the ''S'' family, but here the MV stent is deployed first allowing provisional (Elective) and possibly better deployment of the SB stent. The internal Crush was named first Reverse Crush. The ''TAP'' stenting figure has also been named ''Exaggerated Y'' (Buchbinder). In the ''S'' family, though the intention is different between Minicrush and Modified T stenting described by Colombo, in practice when treating a patient it is very difficult to distinguish between the two stent figures (someone suggested that in modified T stenting the secondary access to the SB for kissing balloon inflation should be achieved through the lumen of the SB stent, instead of one of the most proximal stent cells, which is possible in a bench but hardly feasible in patients. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
The fourth family (S for Side) involves strategies where the side branch is stented first, either at ostium level [48] , or with relatively pronounced protrusion into the PMV (as measured by QCA) [49, 50] . The SB stent may be crushed with a balloon inflated in the MV or a second stent may be deployed in the MV across the SB.
This classification does not accurately reflect the relentless imagination of interventional cardiologists since some of these techniques have been inverted (-and not reversed by consensus and under the impetus of A. Colombo) as follows: in ''A'' family by implanting the First stent from the PMV to the SB, by stenting SB with protrusion in the PMV without crush in the ''D'' family or by implanting the first stent in the DMV followed by stenting from PMV to SB in ''S'' family (Fig. 4) .
All dedicated stents currently in use or under assessment are implanted utilizing the techniques described in the MADS classification. The DEVAX stent is deployed by means of a SKIRT technique. Stent delivery systems allowing permanent access to both distal branches are used with the provisional side branch stenting strategy of the A Family (Frontier Boston, Twinrail Invatec, Nile Minvasys, and so on). An inverted Culotte technique is used for deployment of the TRYTON stent and systematic T stenting for the Capella stent.
DEFINITION AND DENOMINATION OF CORONARY BIFURCATION LESION TREATMENT TECHNIQUES
Techniques used for treatment of coronary bifurcation lesions must be accurately defined for at least two reasons. First, to compare various techniques with an intention-totreat analysis, with respect to success rate, procedure duration, X-ray exposure, volume of contrast media used, and long-term follow-up. Second, impact of elaborate techniques on the outcome can be major (for instance, the threefold decrease in TVR associated with the Crush stenting technique with final kissing balloon inflation) [12] .
Many interventional cardiologists may fail to identify their favorite technique in the earlier classification. However, the combination of this classification with a number of wire, balloon, and atherectomy techniques accounts for all variants already reported or published [51] [52] [53] . We have decided to retain the initial denomination given to each individual technique, or, in the presence of several denominations, to select the most straightforward.
In the A family, Pan et al. described several variants to the strategy of ''MV stenting across SB'' consisting of protecting the SB during main branch stenting or in predilating the SB prior to MV stenting [54] . The provisional stenting techniques described above may or may not be followed by kissing balloon inflation, which constitutes several variants. In the D family, placement of two stents in both distal branches may theoretically be carried out in two stages, thus generating variants. The S family comprises the largest number of techniques. The Crush technique has generated the largest number of variants. The classical Crush technique [55] consists in the partial deployment of the SB stent in the PMV; the undeployed stent placed in the MV is subsequently deployed after removal of the SB wire. The main disadvantage of this technique is that it requires the use of a guiding-catheter at least 7 Fr in diameter. The classical Crush technique may be improved by final kissing balloon inflation [12] , while other operators prefer to inflate a high-pressure balloon toward the SB before performing kissing balloon inflation (Airoldi, personal communication). The techniques known as ' ' Step Crush'' (Sheiban, personal communication) or ''Balloon Crush'' [56] are identical and consist of crushing the SB stent with a balloon before advancing and deploying the MV stent. The techniques named ''modified balloon Crush'' [57] , ''double kissing crush'' [58] ,''sleeve technique'' [59] are other variants of the Crush technique. When the SB stent is crushed on a short segment, the best denomination seems to be ''minicrush'' as described by Galassi et al. [60] compared to modified T stenting as described by Kobayashi et al. [49] .
TOWARDS AN E-CRF DEDICATED TO CORONARY BIFURCATION LESIONS
Describing a technique thoroughly in a case report form is rather tricky. However, the recording of each successive step in a computer file with an internet interface including the MADS classification and all the PCI devices seems feasible (Fig. 5) . This would allow the collection of thousands of coronary bifurcation procedures in a database as well as the comparison of numerous well-described techniques in preparation for very promising potential randomised comparisons.
CONCLUSIONS
Two major randomized trials comparing one or two stents in the treatment of coronary bifurcations are either completed or ongoing (Nordic Bifurcation Study and BBC 1). Further trials in such a context appear unnecessary. One difficulty of these types of trial is that the treatment group including two stents is heterogeneous and the techniques used may have very different mid-term outcomes.
Randomized studies comparing techniques (two by two) display shortcomings in the areas of technique selection, nature of lesions treated, and financial cost of multiple studies.
The setting up of a large database allowing the identification of the most efficient techniques for each lesion type requires a clear definition of lesions, guidelines for QCA of bifurcation lesions, as well as denomination, classification, and accurate description of the techniques used. This is one of the self-assigned missions of the EBC. The purpose of this article is to fulfil this mission by proposing a glossary of bifurcation lesions. 
